Polyamine chelating adsorbents have a good removal effect on dye wastewater. In this study, small molecule triethylenetetramine and macromolecular poly(ethylene imine) were selected as aminated reagent, and two kinds of aminated chitosan microspheres, TETA-CTSms and PEICTSms, were obtained by emulsion cross-linking method. The microspheres were fully characterized by FTIR, SEM, XRD, EDS and TGA. EDS results showed that the N content of the PEI-CTSms and TETA-CTSms microspheres increased significantly after the cross-linking reaction and can reach 5.7 wt% and 7.3 wt%, respectively. Adsorption experiments confirmed that TETA-CTSms and PEI-CTSms showed greater adsorption characteristics for anionic dye reactive yellow (RY) in aqueous solutions compared with CTSms, and the adsorption capacity per unit area was increased by 39.11% and 88.56%, respectively. The adsorption capacity of aminated microspheres for RY decreased with the increase of pH. The adsorption kinetics conformed to the pseudosecond-order model, and the adsorption process was in accordance with the Langmuir isotherm model. The negative value of DG confirmed that the adsorption process was spontaneous, and the dye adsorption was a multiple process dominated by chemical chelating and physical adsorption.
Experimental

Reagents and instruments
Glutaraldehyde (GA, 50% in water), chitosan (CTS, deacetylation degree !90%), hydrochloric acid (HCl, 36-38%), triethylenetetramine (TETA), methylene blue (MB), sodium hydroxide and sodium chloride were purchased from Sinopharm Chemical Reagent Co. Ltd; poly(ethylene imine) (PEI, molecular weight of 2 Â 10 4 -5 Â 10 4 ) was purchased from Wuhan Qianglong Co. Ltd; reactive yellow (RY) was purchased from Shanghai Jiaying Chemical Co. Ltd; deionized water was made in the laboratory. Infrared spectrometer (FTIR, Spectrum Two, USA); laser particle size distribution analyser (BT-2002, Dandong Bettersize); scanning electronic microscope (SEM, SU8010, Japan); X-ray diffraction (XRD, Dandong Haoyuan); UV-visible spectrophotometer (UV, UV-2602, China) were used as analytical instruments. 
Preparation of aminated chitosan microspheres
First, 100 ml of 2% chitosan-acetic acid solution was configured; 0.25 ml TETA was dissolved in 5 ml water, and then 1 ml glacial acetic acid was used to adjust the solution to weak acidity. The abovementioned solutions were poured together, and mixed by ultrasonic mixing. TETA-CTSms chitosan microspheres were prepared by using micro emulsion cross-linking technology, in which 50 ml TETAchitosan solution, 100 ml liquid paraffin, 5 ml Span-80 and 2 ml 25% glutaraldehyde were used as water phase, oil phase, emulsifier and cross-linking agent respectively.
Meanwhile, the preparation of the PEI-CTSms microspheres was similar to the above steps. The structure of the aminated chitosan microsphere was confirmed by FTIR, SEM, TGA, XRD and EDS.
Study on adsorption properties of TETA-CTSms and PEI-CTSms
MB and RY were used as adsorption object in the adsorption experiment; the concentration of them in the solution was determined by using UV analysis, and the pH value of dye solution was adjusted by HCl and NaOH aqueous solution.
The adsorption kinetics were carried out by using TETA-CTSms and PEI-CTSms as adsorbents; 4 mg chitosan microspheres were introduced into 40 ml dye solution with different concentration. The isothermal adsorption experiments were performed in a constant temperature oscillator. After adsorption saturation, the concentration of MB or RY in the supernatant was determined by using UV. The equilibrium adsorption amount was calculated according to equation (2.1) .
where Q e (mg g
21
) is the equilibrium adsorption amount; V (ml) is the volume of the adsorption liquid or eluent, respectively; C 0 and C e (mg l 21 ) are the initial and equilibrium concentration of dye solution, respectively; m is the quality of adsorbents.
3. Results and discussion 3.1. Characterization of chitosan microspheres Figure 1 shows the infrared spectra of CTS powder, CTSms, TETA-CTSms and PEI-CTSms. In the spectrum of chitosan powder (figure 1a), the broad peak near 3426 cm 21 is formed by the overlap of -OH and -NH 2 stretching vibrations. Two absorption peaks can be observed at 2922 cm 21 and 2869 cm 21 in the infrared spectrum which can be attributed to the antisymmetric and symmetric stretching vibrations of -CH 2 . The bending vibration of the amine group in the chitosan generates an absorption peak at wavelength of 1603 cm
. In the spectrum of three types of chitosan microspheres, the absorption peaks of amine at 1603 cm 21 are shifted. The corresponding absorption peak of CTSms is shifted to 1596 cm 21 (figure 1b), and that of the two aminated modified microspheres, figure 1c,d ), respectively. These show that the amine participates in the reaction during the cross-linking reaction [22] . In addition, it can also be observed that the characteristic peak at 3426 cm 21 becomes sharper. This may be due to the co-crosslinking with the aminated substance TETA and PEI, and the content of the amine increases in the obtained microspheres, resulting in the enhancement of infrared absorption. As shown in figure 2 , compared with the chitosan powder, it can be observed that the diffraction peak intensity of CTSms at 20.148 becomes weak. This may be due to the fact that the regularity of the chitosan chain is reduced by the cross-linking reaction, resulting in a decrease in the crystallinity [23] . In contrast, the diffraction peak intensity of TETA-CTSms and PEI-CTSms at 20.148 is enhanced. This may be because, in the process of simultaneous co-cross-linking with aminated substance, a large number of hydrogen bonds can be formed with the chitosan chains, thereby leading to the increase in the crystallinity.
In addition, figure 3 shows the TG curves of various particles. Due to the regular arrangement of the chitosan chain being destroyed in the cross-linking reaction, the initial degradation temperature of the three cross-linking microspheres is lower than that of CTS powder. Figure 4 shows the SEM images of CTSms (a), TETA-CTSms (b) and PEI-CTSms (c). As shown in figure 4 , the sphericity of CTSms microspheres is regular, the surface of microspheres is smooth, and the size distribution of microspheres is relatively concentrated. The degree of cross-linking reaction increases during the preparation of aminated microspheres, resulting in poor dispersion of TETACTSms and PEI-CTSms microspheres.
In addition, the N content on the surface of the three kinds of microspheres was analysed by EDS. The N content of the PEI-CTSms and TETA-CTSms microspheres increased significantly after the cross-linking reaction (figure 5). royalsocietypublishing.org/journal/rsos R. Soc. open sci. 6: 182226
As shown in figure 6, the particle size distribution of CTSms and PEI-CTSms microspheres is relatively narrow, concentrating on 54 and 184 mm, respectively, while the diameter distribution of TETA-CTSms microspheres is relatively broad. In addition, the surface areas of CTSms, TETA-CTSms and PEI-CTSms microspheres are 0.09, 0.07 and 0.03 m 2 g 21 , respectively. The surface area of PEICTSms is the lowest because the microspheres are coated together.
Study on adsorption properties of microspheres
3.2.1. Study on adsorption kinetics Figure 7 illustrates the effect of contact time on the adsorption of MB and RY using CTSms, TETACTSms and PEI-CTSms microspheres. Furthermore, the pseudo-first-order kinetic model and pseudo-second-order kinetic model were adopted to fit the kinetic adsorption data, and the corresponding formulae are as follows [24] :
pseudo-first-order rate equation: lnðQ e À Q t Þ ¼ lnQ e À k 1 t pseudo-second-order rate equation:
where Q t and Q e are the adsorption capacities of microspheres for dye at time t and adsorption equilibrium, respectively; k 1 and k 2 are equilibrium adsorption rate constants. As shown in figure 7 , the adsorption capacities of TETA-CTSms and PEI-CTSms for MB are 4.72 and 6.77 mg g 21 in 2 h and that for RY is 513.61 and 199.07 mg g 21 . According to scheme 2, there should be mainly four interaction forces between aminated chitosan microspheres and RY molecules, including hydrogen bonding, p-type hydrogen bond, cation-p interaction and electrostatic interaction. Particularly, the aminated microspheres contain a large number of amino groups which are mostly protonated, resulting in strong electrostatic adsorption of anionic dye RY. In contrast, its adsorption to cationic dyes MB is weak. As shown in table 1, in the adsorption process of three microspheres for MB and RY, the value of the linear correlation coefficient R 2 obtained by pseudo-second-order kinetic is large, and the equilibrium adsorption capacity Q exp obtained by fitting is close to the experimental value, indicating that the adsorption is mainly controlled by chemisorption [25] . Combined with the surface area of three materials, the adsorption capacities of CTSms, Figure 8 shows the adsorption changes of TETA-CTSms and PEI-CTSms for MB and RY with different pH values. It can be observed that the adsorption capacity of TETA-CTSms and PEI-CTSms microspheres for MB increases with the increase of pH. When the pH is 12, the adsorption amount reaches 62.86 and 66.22 mg g 21 , respectively. In the acidic condition, the amino group on the microspheres is in protonation state, so the adsorption capacity is low due to the electrostatic repulsion to MB with positive charge [19] . But the electrostatic repulsion weakens with the increase of pH, making the adsorption quantity increase. Since the RY is negatively charged in aqueous solution, the adsorption result is reversed. When the pH is 2, the adsorption amount reaches 818.06 and 668.76 mg g
Effect of pH and ionic concentration on adsorption
21
, respectively. It can be seen from figure 9 that the adsorption capacity of TETA-CTSms for MB and RY decreases with the increase of NaCl concentration in solution. Meanwhile, the adsorption capacity of PEI-CTSms for MB decreases with the increase of NaCl concentration, while that for RY is just the opposite. The reason may be that as the concentration of NaCl increases, the solubility of MB and RY in solution decreases slightly, which leads to its continuous diffusion to the solid -liquid interface, resulting in the increase of corresponding adsorption capacity. In addition, a large amount of Cl 2 and Na þ in the solution will compete with the dye for adsorption, and weaken the adsorption between the adsorbents, eventually leading to a decrease in the amount of adsorption [23, 26] . These two factors lead to the adsorption results shown in figure 9.
Isothermal adsorption study and parameter fitting
As shown in figure 10 , the adsorption quantity of TETA-CTSms for RY increases with the increase of initial concentration of RY. In addition, the adsorption capacity of TETA-CTSms for RY increases with the increase of temperature, indicating that adsorption is an endothermic process. In addition, different isothermal adsorption models were used to fit the above isothermal adsorption data, and the corresponding formulae are as follows [27] [28] [29] : royalsocietypublishing.org/journal/rsos R. Soc. open sci. 6: 182226 between 0 and 1 at different temperatures, indicating that the adsorption process is preferential adsorption [30] . In addition, according to the equilibrium constant K at different temperature, the Gibbs free energy DG was obtained. The values of DS and DH were calculated by using the Van't Hoff equation [31] . The thermodynamic data of the adsorption process are shown in table 3.
As shown in table 3, the DG values at different temperatures are negative, which indicates that the adsorption process is spontaneous. Both DH and DS are positive. The results show that the adsorption process is endothermic reaction, and the degree of freedom increases in the solid -liquid interface during the adsorption process. Judging by the DH value, the adsorption process of RY onto TETA-CTSms can be defined as chemical adsorption [31] .
Compared with most adsorbents for the adsorption of RY presented in table 4, the aminated microspheres exhibited superior adsorption performance. Various factors including adsorption conditions, surface structure and functional groups will affect the adsorption capacities jointly. Also, for dye molecules with similar charge groups and molecular size, aminated microspheres showed a larger adsorption capacity. 
Conclusion
In this work, PEI and TETA were synchronous emulsion co-cross-linked with chitosan to prepare PEICTSms and TETA-CTSms aminated microspheres. Characterization of PEI-CTSms and TETA-CTSms using various techniques confirmed its successful fabrication. The adsorption tests indicated PEICTSms and TETA-CTSms are effective adsorbents for the adsorption of anionic dye RY from aqueous solutions. The adsorption capacity of TETA-CTSms and PEI-CTSms microspheres for RY decreased with the increase of pH. Furthermore, the adsorption kinetics and isotherms of RY on PEI-CTSms and TETA-CTSms followed the pseudo-second-order model and the Langmuir model, respectively. The negative value of DG confirmed that the adsorption process was spontaneous. Based on the results of thermodynamics and effects of pH and ionic strength, it was concluded that the dye adsorption was a multiple process dominated by chemical chelating and physical adsorption.
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